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Abstract Shellfish allergy is a frequent, long-lasting, life-
threatening disorder. As shellfish consumption increases,
the number of allergic reactions to shellfish is expected to
continue to rise as well. During the past decade, much has
been learned about the allergens involved in shellfish
allergy. Potential cross-reacting allergens between shellfish
and other arthropods have been identified. As our knowl-
edge of shellfish allergen improves, we will be able to
develop more accurate methods of diagnosing shellfish
allergy. In addition, extensive research is currently under
way for the development of safer, more effective methods
of managing shellfish hypersensitivity.
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Introduction

Shellfish allergy is a long-lasting disorder usually persisting
throughout life that is often associated with severe
reactions, including life-threatening anaphylaxis. Allergenic
shellfish comprise two major phyla: arthropods and
mollusks. The phylum Arthropod contains the class
Crustacea, which includes shrimp, prawn, crab, lobster,
and crawfish. The phylum Mollusca includes the class
gastropods (limpet, snail, abalone), bivalves (clam, oyster,

scallop, mussel), and cephalopods (squid, octopus). A large
variety of crustaceans are used for human consumption.
Shellfish most frequently reported in allergic reactions are
shrimp, crab, and lobster, followed by clam, oyster, and
mussel [1]. Squid also has been reported as one of the
shellfish that most frequently induces allergic reactions,
second only to shrimp [2].

The black tiger shrimp (Penaeus monodon) (Pm) is the
most widely cultured prawn species in the world, although
it is gradually losing ground to the white leg Pacific shrimp
(Litopenaeus vannamei), another prawn. More than
900,000 t are consumed annually. The brown shrimp
(Penaeus aztecus) is a highly valued commercial fishery
species, especially in the United States. Most of the studies
on shellfish allergens have been conducted using these
shrimp species. As shellfish consumption increases, the
number of allergic reactions is expected to continue to rise
as well. Therefore, it is important that accurate diagnostic
methods and improved therapeutic options are developed
for individuals with shellfish allergy.

Prevalence of Shellfish Allergy

As with other food allergies, accurate data on the
prevalence of shellfish allergy are limited by the lack of
controlled, population-based studies incorporating the gold
standard of double-blind, placebo-controlled oral food
challenge (DBPCFC). Shellfish rank among the seven main
allergenic foods in children. Among adults, the most
common allergenic foods are crustacean shellfish, fruits,
peanuts, and tree nuts.

In general, the prevalence of immediate-type shellfish
allergy is higher in areas with high shellfish intake. Recent
studies from Canada and Asia using questionnaires found that
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shellfish allergy was reported in 0.5% of children in
Canada, and 4% in Singapore and the Philippines [3, 4].
Among Spanish children, crustaceans and mollusks cause
3.8% and 1.6%, respectively, of food-induced allergic
reactions and up to 33% of the food allergies in adults [2].
In the United States, a recent questionnaire-based survey
by Sicherer et al. [1] found that 1 in 50 Americans claimed
to be shellfish allergic. Rates of shellfish allergy were
significantly lower for children than for adults (0.5% vs
2.5%), and lower in men than in women (1.5% vs 2.6%).
The self-reported prevalence of mollusk allergy in this
study population was 0.4% [1]. In another epidemiologic
study, Liu et al. [5] found that the estimated prevalence of
clinical shrimp allergy varied by age but was 1% overall.
Shrimp sensitization, which was not measured in children
younger than 5 years of age, did not vary appreciably by
age and was the most frequent allergenic food in
individuals older than 20 years of age. In addition,
shellfish are also one of the most frequent foods causing
emergency department visits in adults for food allergy and
a significant number in children 6 years of age and older
[6, 7]. However, shellfish-allergic patients seem to be less
likely to be admitted to the hospital as a result of reactions
to shellfish [8].

Identified Shellfish Allergens and Their IgE Epitopes

Shrimp species have been the most studied in terms of
allergen characterization, particularly the black tiger shrimp
(Pm) and the white leg pacific shrimp (L. vannamei). The
muscle protein tropomyosin was the first major cross-
reactive allergen identified in shrimp [9] and was named
Pen a 1, Pen m 1, Lit v 1, or Met e 1, depending on the
species in which it was identified. Pen a 1 inhibited 85% of
patients’ IgE radioallergosorbent test reactivity to whole
body shrimp extract, indicating that it is responsible for
most of the allergenic activity of shrimp. Proteomic
analysis of Pm has resulted in the identification of a novel
allergen, arginine kinase (AK), or Pen m 2 [10]. Recently,
two new shrimp allergens have been characterized by our
group: myosin light chain (MLC) (Lit v 3) [11] and a
sarcoplasmic calcium-binding protein (SCP) (Lit v 4) [12].
Both allergens were found to be significantly important in
pediatric populations. Although tropomyosin is the most
abundant allergen in crustaceans, some of our study
participants primarily recognized SCP. ELISA (enzyme-
linked immunosorbent assay) inhibition experiments
showed that a significant proportion of some individuals’
shrimp-specific IgE (up to 78%) is inhibited by recombi-
nant SCP, demonstrating that for some, SCP may be more
important than tropomyosin as a shellfish allergen. Further-
more, the functional rat basophil leukemia (RBL)-based

mediator release assay confirmed that for a subset of
individuals, SCP appears to be a more potent basophil
activator than tropomyosin [12]. With regard to other
crustaceans, such as crab and lobster, tropomyosin has
been identified as the main allergen. More recently,
several additional allergens have been identified by our
group. Lobster and crab troponin C, as well as shrimp
hemocyanin were described as crustacean allergens that
may be implicated in the cross-reactivity among arthro-
pods (American Academy of Allergy Asthma and Immu-
nology 2011).

To date, only one study has analyzed the frequency of
reactivity of shrimp-allergic patients to peptides from the
four main shrimp allergens (tropomyosin, MLC, SCP, and
AK) using nonchallenged patients [13•]. The highest
reactivity was found to tropomyosin (81%; 94% in children
and 61% in adults), followed by MLC (57%; 70% and
31%, respectively), AK (51%; 67% and 21%, respectively),
and SCP (45%; 59% and 21%, respectively). Important
information was obtained in terms of identifying key
allergens in the crustacean-allergic population and the IgE
epitopes of the four proteins presumptively involved in the
allergic reactions. Seven epitopes were identified in
tropomyosin (which are identical to those previously
reported by our group), five in MLC, three in SCP, and
six in AK. This study, however, included mostly non-
challenged patients, which limits its value because of issues
such as cross-reactivity among arthropod allergens.

Regarding mollusks, tropomyosin has been confirmed as
an important allergen in cephalopods, gastropods, and
bivalves, including snail (Tur c 1) [14], oyster (Cra g 1),
scallop (Chl n 1), and mussel (Per v 1) [15]. However, a
large number of molluscan allergens remain unidentified.
Other proposed allergens include hemocyanin, myosin
heavy chain, and amylase [16].

Cross-Reactivity of the Different Crustacean Allergens

In vitro IgE cross-reactivity among crustaceans, other
arthropods, and mollusks is commonly reported. However,
until recently, there had been only limited molecular
characterization of these cross-reactive allergens. Tropomy-
osin traditionally has been accepted as the main cross-
reactive molecule among crustaceans and also with mol-
lusks [16]. In addition, important in vitro cross-reactivity
exists between crustaceans and other invertebrates, such as
dust mites (DM), cockroaches, and even nematodes [17].
Comparison of tropomyosin amino acid sequences from
different crustacean species reveals very high homologies
of up to 98%, whereas the amino acid sequence identity of
shrimp tropomyosin with other arthropods such as DM and
cockroaches is lower (80%), and still lower with mussels
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and abalone (57% and 61%, respectively). The cross-
reactivity among crustaceans, cockroaches, and DM seems
to be based mostly on high-sequence identity of tropomy-
osin IgE-binding epitopes [18].

However, tropomyosin is not the only allergen involved
in invertebrate cross-reactivity. AK has been described as a
cross-reacting allergen among crustaceans, between crusta-
ceans and insects [19], and possibly mollusks. Protein
sequence analysis of Pen m 2 has shown the protein to be
very similar to AK from moth (Plo i 1) [10, 19].
Recombinant moth AK reacted with serum from moth-
allergic patients and inhibited the binding of allergic
patients’ IgE to an immunologically related, 40-kD allergen
present in house DM, cockroach, king prawn, lobster, and
mussel, indicating that AKs represent a new class of cross-
reactive, invertebrate pan-allergens.

The newly identified shrimp MLC and SCP also appear
to be involved in cross-reactivity. Interestingly, the amino
acid sequence of MLC is 66% similar and 51% identical to
cockroach Bla g 8, the allergenic MLC of Blatella
germanica [11]. Sequence similarity between MLCs can
be implicated for in vitro and possibly clinical cross-
reactivity among shrimp and cockroach, and also possibly
with DM. In contrast, sequence identity with other
invertebrate MLCs, such as Schistosoma spp (identity
13%) and Aedes spp (17% identity), was low. With regard
to SCP, the amino acid composition and physicochemical
characteristics of different SCPs suggest that they are not
conserved proteins. Because the biological function of SCP
may be carried out without interacting with other proteins,
there is little need to conserve surface amino acid residues.
Sequence identity between shrimp and scallop SCP, for
instance, is only 14%, and is also low with Drosophila spp
(18%–52%). This is consistent with the lack of in vitro
cross-reactivity seen by immunoblot with cockroach, DM,
and mollusk SCPs in our study [12]. In contrast, high
sequence identity with crawfish SCP (81%–82%) helps
explain cross-reactivity detected among crustacean SCPs.
This has been confirmed in immunoblot inhibition assays,
in which lobster and crab extracts were able to inhibit the
IgE reactivity to recombinant shrimp SCP.

In summary, while sensitization to tropomyosin has been
implicated in cross-reactivity among crustaceans, mollusks,
and other arthropods, AK and MLC may be cross-reactive
among arthropods. In contrast, sensitization to SCP appears
to be specific to crustacean allergy.

Issues with Cross-reactivity

It is well-described that crustaceans are highly cross-
reactive among themselves, with mollusks, and with other
invertebrates. Because of this extensive cross-reactivity,

avoidance of all shellfish is frequently recommended for
allergic individuals. This was challenged in a recent study
[20•], which identified many participants who were mono-
sensitized to individual shrimp species but not to others.
This justifies, at least in this population, performing
DBPCFCs to different crustaceans to identify the implicat-
ed species in order to allow the intake of other species that
are shown to be safe. However, the real in vivo extent of
the in vitro cross-reactivity among crustaceans has not been
studied yet by performing DBPCFCs to different crusta-
ceans. Thus, for most populations, a diagnosis of shellfish
allergy still means avoiding all crustacean species.

With regard to mollusks, although the in vitro cross-
reactivity appears to be important, the frequency of clinical
reactivity to crustaceans and mollusks is reported to be low.
Interestingly, only 14% of the shellfish-allergic individuals
reported reactions to both crustaceans and mollusks in the
questionnaire-based study by Sicherer et al. [1]. This low
clinical cross-reactivity may be related to different epitopes
in shrimp and mollusk tropomyosins.

In addition, there is also important in vitro cross-
reactivity among arthropods. The question is, are the
structural and immunochemical similarities of tropomyo-
sins and other shrimp allergens in different invertebrate
species (particularly mollusks, insects, and arachnids) of
clinical significance? The question was raised by some
studies that suggested that increased exposure of some
patients to mite antigen through DM immunotherapy may
result in sensitization to cross-reacting tropomyosins that
did not exist before therapy [21, 22]. These studies raise
some concern about the induction of food allergy through
cross-reacting allergens in immunotherapy extracts. How-
ever, a systematic follow-up of 134 patients who underwent
DM sublingual immunotherapy (SLIT) failed to document
neosensitization to tropomyosin in any case [23]. These
differences in responses may be due to varying amounts of
tropomyosin present in the immunotherapy preparations.
However, although the in vitro cross-reactivity is high, the
risk of immunotherapy resulting in development of new
sensitizations appears to be very low.

The problem of cross-reactivities among invertebrates
may be especially relevant in terms of correct diagnosis of
shellfish allergy in arthropod-allergic individuals (DM,
cockroach), and also to determine the clinically relevant
foods (crustaceans and/or mollusks). The relationship of
molecular cross-reactivity to clinical reactivity has not been
adequately defined to date. Although some studies have
looked at rate of co-sensitization to DM, cockroach, and
shrimp (based on serum IgE or skin prick test [SPT]),
clinical cross-reactivity cannot be confirmed due to possible
co-sensitization to different food and environmental allergens
in atopic individuals. In this sense, identification of sensitiza-
tion to particular shrimp allergens such as SCP, which are
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more crustacean specific, may provide some help in making
the correct diagnosis. Future research on the molecular
structure of the cross-reacting shellfish allergens, with a focus
on the immunologic and particularly clinical cross-reactivity,
will improve diagnosis and management of shellfish allergy.

Natural History of Shellfish Allergy

Shellfish allergy traditionally has been seen as a long-
lasting disease that typically persists into adulthood. Once
patients are diagnosed with shellfish allergy, they typically
avoid all shellfish for life. However, the natural history of
shellfish allergy, which commonly begins in adult life, has
not been systematically assessed. In the only study in which
this was analyzed in the United States, 11 individuals with a
clinical history of shrimp allergy were observed over
24 months; seven had positive food challenges, and all
had stable IgE levels to shrimp during the study [24].

In recent work evaluating IgE binding to specific epitopes
in the main four shrimp allergens, for diagnostic and
prognostic purposes, we were able to show that sensitization
to shrimp proteins is greater in children and appears to be
lower in adults [13•]. Children with shrimp allergy had more
intense binding to all shrimp proteins and bound more
diverse epitopes compared with adults, suggesting a decrease
in IgE reactivity with age and possible waning of the allergy.
Authors also considered whether differences in allergen and
epitope recognition in children and adults may be secondary
to patient selection bias, resulting in higher shrimp-specific
IgE in children than adults. However, comparison of peptide
recognition in children and adults with similarly high
shrimp-specific IgE levels (>100 kUA/L) showed greater
binding in children. This study had the limitation that it was
not a natural history study (ie, observing participants
prospectively since childhood), and the patients were not
challenged. Therefore, we cannot be certain whether these
differences in allergen and epitope recognition are due to
sensitization through distinct routes in children and adults
(skin vs oral or respiratory) or stronger IgE responses when
sensitized in childhood, or whether shrimp IgE really
decreases over time. The possibility that shellfish allergy
may wane over time needs to be confirmed in prospective
studies using DBPCFC patients.

Diagnosis

As with other food allergies, diagnosis of shellfish allergy is
based on clinical history and aided by skin testing and
serum IgE determinations. However, the DBPCFC is the
gold standard for diagnosis of food allergy. More recent
experimental methodologies include the use of peptide and

recombinant protein microarrays to diagnose food allergy
and to identify individuals who are likely to have persistent
disease. Recombinant allergens have been used to define
the important allergens for a wide range of allergies,
allowing the development of a component-based diagnosis
for particular foods or environmental allergens. Many of
these recombinant allergens, such as tropomyosin, have
been shown to have similar properties as their native
counterparts [25]. In addition, they have allowed the
development of new types of immunotherapy, some of
which have shown efficacy in human trials. With regard to
shellfish, important allergens have been cloned and char-
acterized, and their IgE epitopes identified [13•]. As our
knowledge of shellfish allergen improves, we will be able
to develop more accurate methods, incorporating the
recombinant allergen tropomyosin, AK, MLC, and SCP in
a component-based diagnosis of shellfish allergy. In
addition, IgE epitope mapping of the main shellfish
allergens will help identify sequential epitopes associated
with clinical severity and persistent food allergy.

Boiled Extracts are Better Than Raw?

It is known that cooking may affect the allergenicity of
foods such as peanut or shellfish. It may destroy certain
epitopes in an allergen or may generate or expose new
ones, probably as a result of changes in protein folding.
Because most shellfish are consumed boiled, characteriza-
tion of raw and boiled seafood extracts is important to
select the best allergen extracts for standardization, diag-
nosis, and treatment of seafood-allergic patients. Carnes et
al. [26] evaluated the in vivo and in vitro diagnostic yield of
using raw or cooked extracts from shrimp and lobster. More
patients were identified using boiled extracts of shrimp and
American and spiny lobsters than with raw extracts. The
wheal sizes of the skin test reactions and specific IgE levels
determined by ELISA were also significantly greater using
boiled extracts. The authors concluded that the use of
boiled extracts seems to be more effective in diagnosing
shellfish allergy. In an additional study, the thermal stability
and IgE binding of raw and boiled shellfish extracts and
tropomyosin were evaluated [27]. The soluble protein content
as determined by ELISA and immunoblotting decreased, and
the higher molecular weight proteins increased in the extracts
from boiled versus raw shrimp. ELISA inhibition of raw
shrimp with raw shrimp as inhibitor was higher than
inhibition with boiled shrimp. However, no inhibitions were
shown with boiled shrimp in the solid phase, and the IgE-
binding capacities of raw and boiled extracts were not
directly compared. Furthermore, Dot blot assay demonstrated
higher IgE binding to purified tropomyosin from boiled
shrimp than from raw shrimp. The authors concluded that
boiling may decrease the allergenicity of shrimp, but
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tropomyosin from boiled shrimp may be a more effective
antigen in diagnosing shrimp allergy. However, the decrease
in allergenicity of shrimp by boiling is not clearly supported
by the data presented in this study.

Double-Blind, Placebo-Controlled Oral Food Challenge

The DBPCFC is the gold standard for diagnosis of food
allergy, however, a single-blind or an open food challenge
may be considered diagnostic under certain circumstances
[28]. When DBPCFCs are used, several studies have shown
that only about one third of the suspected foods are found
to be truly allergic [28]. The presence of extensive cross-
reactivity among crustaceans, mollusks, and other inverte-
brates emphasizes the need for DBPCFC for accurate
diagnosis of shellfish allergy. However, the yield of positive
DBPCFC for crustacean allergy varies greatly among
different studies. In fact, Daul et al. [29] reported that
30% of their shrimp-allergic study participants had a
positive challenge to shrimp. Also, a more recent report
found that up to 50% of individuals with a history of
shrimp allergy, positive SPT, or shrimp-specific serum IgE
tolerated an oral challenge to shrimp [30]. In contrast to the
previous works, Jirapongsananuruk et el. [20•] found up to
88% positive challenges. They studied 68 patients with
history of shrimp allergy and positive SPT to shrimp.
Seventeen percent were reactive in challenge to only Pm,
23% to Macrobrachium rosenbergii (Mr), and 47% to both.
Interestingly, only 12% of the challenges were negative.
However, all the patients in this study were children (which
was in contrast to previous studies, which focused on
mostly adults), demonstrating an increased yield of positive
challenges in children. This is discussed later, as it may
suggest a possible decrease in reactivity to shrimp proteins
with age. This study shows for the first time using
DBPCFC that sensitization to individual shrimp species
may exist and is frequent in Thailand.

As a means to avoid DBPCFC due to increased risk of
reactions during the challenges, attempts have been made to
determine whether reactivity by SPT, specific IgE to
shrimp, or certain allergens or their epitopes correlates well
with clinical reactivity. Yang et al. [31•] recently studied the
clinical implication of the detection of specific IgE anti-
bodies to shrimp tropomyosin. Sensitization to tropomyosin
was found to have greater diagnostic efficiency compared
with measurement of specific IgE to shrimp and SPT
(88.5%, 74.2%, and 65.7%, respectively) [31•]. However,
the diagnostic value of the other three shrimp allergens and
its relationship to the clinical symptoms have not been well-
established thus far. Also, Jirapongsananuruk et al. [20•]
calculated the predictive probability of mean wheal diam-
eter (MWD) induced by Pm and Mr SPT/prick-to-prick
testing/commercial SPT to determine the outcome of

shrimp challenges, using logistic regression to establish
the reasonable cutoff level. In the Pm allergy group, Pm
SPT with an MWD of 30 mm provided 80% predictive
probability for positive challenges. Pm prick-to-prick
testing and commercial SPT with an MWD of 22.5 and
20 mm, respectively, provided 95% predictive probability.
In the Mr allergy group, Mr SPT with an MWD of 30 mm
provided 95% predictive probability.

Treatment of Shellfish Allergy

Despite the high prevalence of shellfish allergy, few options
are available for treatment, and avoidance of the offending
food is the only therapy recommended. However, the
frequency and severity of reactions after accidental exposure
to shellfish make necessary the development of improved
diagnostic and therapeutic options for shellfish allergy.

Non–allergen-specific therapeutic approaches for food
allergy have shown some promising results, but uniform
response to the therapy is either lacking (eg, anti-IgE) [32],
or the long-term effects still need to be determined (eg,
Chinese herbal medicine food allergy herbal formula
[FAHF]-2) [33, 34]. Most of the studies thus far have been
conducted for treatment of peanut, milk, or egg allergy, but
it may be possible to apply them to other foods. Anti-IgE
improves symptoms of asthma and allergic rhinitis and
provides protection against peanut-induced anaphylaxis in
75% of treated patients (highest dose group); however, the
consequences of long-term elimination of IgE are unknown.
The Chinese herbs FAHF-2 produce a downregulation of T-
helper type 2 cytokines (interleukin [IL]-4, IL-5, IL-13) and
decreased allergen-specific IgE levels and T-cell prolifera-
tion to peanut, and protect mice from peanut-induced
anaphylaxis for prolonged periods of time. Current studies
focus on establishing optimal dosing in human phase 1 and
phase 2 trials [35].

Another non–allergen-specific approach includes the use
of probiotic bacteria. Dietary lactic acid bacteria are
regarded as safe and are used extensively in fermented
food products. They modulate the immune system via their
effect on different pathways, including direct actions on
antigen-presenting cells, regulatory T cells, and effector B
and T cells, and promote T-helper type 1 differentiation.
They also stimulate systemic and mucosal immune
responses, eliciting the production of secretory IgA.
Clinical trials of probiotics have focused on the prevention
and treatment of atopic dermatitis, which includes a large
subset of children with food allergy. Also, lactic acid
bacteria have been tested in murine models to evaluate their
protective effect on the development and treatment of food
and environmental allergy [36, 37]. In a murine model of
shrimp-induced anaphylaxis, oral administration of a pro-
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biotic mixture significantly reduced symptom scores, serum
shrimp-specific IgE, and histamine release in the stool after
a shrimp tropomyosin oral challenge [38]. In the jejunum,
IL-4, IL-5, and IL-13 expression was significantly reduced,
whereas forkhead box P3 and IL-27 mRNA expression and
IL-10, transforming growth factor-β, and interferon-γ
tissue content were upregulated. In addition, other possible
approaches, such as use of Toll-like receptor 9 agonists
[39], are in preclinical stages.

Among allergen-specific approaches, subcutaneous
immunotherapy has not been recommended due to the high
risk of severe reactions during the immunotherapy protocol
[40]. Recently, oral immunotherapy (OIT) [41, 42] and
SLIT [43] have received the most attention. Studies with
egg, milk, and peanut show that OIT desensitizes most
patients. However, there is no evidence that OIT yields
long-term tolerance. Although many patients tolerate
increased amounts of allergen after OIT or SLIT than they
did at baseline challenge, the risk of anaphylactic reactions
is still present during the desensitization, and many
questions and concerns remain regarding whether these
regimens can induce permanent tolerance or only desensi-
tization during dosing.

Another allergen-specific immunotherapy approach
includes the use of engineered recombinant food proteins.
The importance of sequential epitopes in food allergy has been
established. Sensitization to sequential epitopes has been
associated with persistent and more severe reactions to peanut
[44], milk [45], and egg [46]. Identifying the sequential IgE-
binding epitopes of shellfish allergens and the critical amino
acids for IgE binding are important because they provide the
information to alter the complementary DNA nucleotide
sequences for the production of recombinant allergen
variants with lower anaphylactic potential while keeping
their T-cell epitopes intact for the induction of tolerance. This
approach has resulted in the development of recombinant
mutant variants of different allergens. However, limited
information is available regarding recombinant food aller-
gens for immunotherapy. In the first proof-of-concept, in
vivo studies to date using a mutant hypoallergenic vaccine in
a food allergy model, mice were treated with heat-killed
Escherichia coli or Listeria monocytogenes producing
mutated Ara h 1, 2, and 3 [47, 48]. The heat-killed E. coli
vaccine is currently in clinical trials. However, although it
has demonstrated protection from anaphylaxis, the heat-
killed E. coli vaccine can only be administered rectally. In
addition, the risk of reactivation of vectors such as Listeria
spp in humans is not acceptable. A similar approach has
resulted in the development of a mutant parvalbumin for
immunotherapy for fish-allergic individuals [49].

With regard to shellfish, our group has developed a mutant
tropomyosin with decreased allergenic potential for treatment
of shellfish allergy [50]. Using one or two amino acid

substitutions per epitope, a hypoallergenic tropomyosin
mutant was designed. The Pen a 1 mutant and wild-type
Pen a 1 were compared for their capacity to induce mediator
release from RBL-30/25 cells. Sensitized cells with sera from
shrimp-allergic patients showed higher mediator release with
the wild-type Pen a 1 than with the mutant, which required
10- to 40-fold higher concentrations to induce 50% of
maximal release than the wild type. However, this Pen a 1
mutant still showed some allergenic potency at high
concentrations. Although promising, this mutant may need
additional amino acid substitutions to further decrease its
IgE-binding capacity. In addition, any immunotherapy
approach to shellfish allergy will need to take into
consideration additional shrimp allergens, including MLC
and SCP, because they seem to be important in certain
populations.

Conclusions

In conclusion, shellfish is a lifelong disorder affecting a
significant percentage of the population and causing life-
threatening complications. Recent research has better
characterized the allergens responsible for such reactions
in adult and pediatric populations, suggesting that stronger
sensitization occurs in children. However, issues of cross-
reactivity limit the accuracy of current diagnostic tests, and
the DBPCFC is still the gold standard for diagnosis. As our
knowledge of shellfish allergen improves, we will be able
to develop more accurate methods of diagnosing shellfish
allergy using a component-based system. In addition, recent
advances in different therapeutic approaches for food
allergy are yielding promising results. In particular, devel-
opment of a vaccine composed of hypoallergenic shrimp
proteins appears to be a good candidate for treatment of
shellfish-allergic individuals in the near future.
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